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Uhhact 
Dental caries is a prevalent infectious disease caused by the 
indigenous oral microflora. The primary agents of the disease are 
members of mutans Streptococci, chiefly Streptococcus mutans. 
The clonal variations amongst S. mutans and its virulent properties 
and are therefore of keen interest. In view of this, 60 samples from 
canes-active individuals were collected for the isolation of bactena 
The isolates were screened biochemically for its identification 63 
isolates were confirmed to be Streptococcus mutans by gram 
staining, catalase, Voges-Proskaeur test, salt tolerance, 
temperature tolerance, arginine hydrolysis, esculin hydrolysis and 
fermentation of sugars The sugars used to confirm acid production 
were glucose, sucrose, trehalose, mannitol, sorbitol, raffinose and 
melibiose. All these isolates after gram staining were violet in colour 
and cocci in form. They were arranged either in pairs, tetrads or 
small chain. They were deficient in catalase and production of 
acetoin was confirmed by Voges-Proskaeur test. The isolates were 
intolerant to temperature and salt variations well away from normal. 
Only 6% of the isolates show a-hemolysis and rest of them are y-
hemloytic. They were unable to hydrolyze arginine but esculin 
hydrolysis was observed However, they were strong fermenters for 
most sugars, resulting in lactic acid production. The virulent 
properties that are an attribute in dental caries were also studied for 
the isolates. The bactena showed similar growth pattern for all the 
sugars however, it is rapid in glucose. They were both aciduric and 
acidogenic although, the response is adaptive at pH well below 
neutral. It exhibits a property of adherence to the glass surface in 
the presence of sucrose. It was seen by gram staining that the cells 
in sucrose are more aggregated than in its absence. Moreover the 
adherence of these isolates to the glass surface was increased by 
50% in presence of sucrose. They were very efficient in forming a 
biofilm which causes resistance against the action of autolysins 
released by the bacteria in presence of detergents. Our results 
indicate that the S. mutans are adapted to the oral environment and 
causes dental caries by rapidly releasing acids that cause the 
decay of enamel and dentin of the tooth. 
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Jntwdaction 
Dental caries is a common infection through-out the world. The etiology of 
the disease is multifactorial, life habits and mutans Streptococci infection 
being the most important factors (Bratthall, 1997). The mutans 
Streptococci comprise a group of seven species (Figure 1), of which 
Streptococcus mutans and Streptococcus sobrinus are the predominant 
species isolated from human saliva and dental plaque (Loesche, 1986). 
Experiments of Fitzgerald and Keyes (1950) with gnotobiotic hamsters 
revealed that these are the main initiator microorganisms in dental caries. 
In the disease process, the calcified tissues of the tooth are demineralized 
and the organic substance is broken down. 
In the western world, the prevalence of caries disease has 
declined, but 5-20% of the total population still remains at high risk 
(Paunio, 1993; Bolin, 1997; Watt and Sheiham, 1999). In developing 
countries, the rate of dental caries is rising, and because more than 80% 
of the world's children live in these countries, dental caries disease is 
considered to be a major public health problem (Cirino and Scantlebury, 
1998). Dental caries causes many people to experience a great deal of 
continuous discomfort through impaired function and aesthetics as well as 
inconvenient treatment. Dental caries may even lead to life-threatening 
infections, and the costs for operative dental treatment are significant both 
for individuals and society. Therefore, a need exists to identify individuals 
at risk for the disease, and to target preventive measures and active 
treatment for these individuals. Because mutans Sfrepfococc/are the main 
initiator microorganisms in dental caries, individuals heavily colonized by 
the bacteria were earlier thought to automatically be at high risk for the 
disease, but it became evident that on the individual level the caries risk 
rate could not be accurately predicted on the basis of how seriously a child 
or adolescent was infected (Alaluusua, 1993; Tenovuo, 1997). Previous 
reports have shown that the oral cavity of an individual can be colonized 
Figure:! Streptococci commonly found in the human mouth; phylogenetic 
relationships among groups (information from Russell, 2000). 
anginosus group 
mitis group 
salivarius group 
mutans group 
by one or by multiple clonal types of mutans Streptococci (Bowden and 
Hamilton 1998). Thus, research on the colonization pattern and the 
virulence traits of mutans Streptococci is essential. 
Dental caries is the predominant cause of tooth decay in children 
and young adults. It is a chronic infectious disease in which the active 
agent or agents are members of the indigenous oral flora (James Shaw 
1987). Numerous epidemiological studies showed that the diseases such 
as tooth decay and diseases of the periodontium are among the most 
common afflictions of mankind (McDougall 1963). Recent studies indicate 
that chronic grade infection like gingivitis or pyorrhea contributes to heart 
disease and coronary heart disease rate was increased drastically with the 
patients suffering from chronic periodontis (Hijoel e^ a/., 2002; Beck et. ai, 
1996). Oral cavity harbors a rich and diverse microbial flora because of its 
ideal humidity and temperature, the frequent passage through it of most 
nutrients needed by many microbial species and presence of several 
ecological niches. Caries is a complex disease caused by an imbalance in 
physiologic equilibrium between tooth mineral and biofilm fluid (Fejerskov 
and Nyvad, 2001). Caries lesions result primarily from the dissolution of 
mineral in enamel and dentin by acids produced during metabolism of 
food residues by microorganisms colonizing tooth surfaces (Johnson, 
1991). A multiplicity of factors including plaque microflora, diet and 
susceptible tooth surfaces and local environmental factors play a critical 
role in the initiation and progression of the disease (Arends and 
Christoferren, 1986). Of 200-300 species that are predominant in the 
human dental plaque only a finite number may be considered as dental 
pathogens (Jordon and Hammond 1972). If this is so, then dental caries 
and periodontal disease can be considered as specific treatable disease. 
Early finding on root caries by Sumney and Jordon (1974) seemed to 
indicate that Actinomyces species were the predominant group of 
microorganisms involved in caries. Recent studies have demonstrated that 
a highly diverse microbial flora is involved in this process (van Houte et. 
al., 1994; Schupbach et. al., 1996, Shen et. al., 2002). These cariogenic 
bacteria co-habiting within the dental plaque ecosystem produce short 
carboxylic acids that cause the dissolution of the mineralized tissue of the 
tooth surface. The above studies have revealed that Streptococcus 
mutans, Lactobacilli acidophilus and Actinomyces israellis were the 
predominant bacteria in this population group. 
MUTANS STREPTOCOCCI 
Mutans Streptococci belong to the resident microflora and are ubiquitous 
in populations worldwide. The relationship between Streptococcus mutans 
and dental caries is not absolute (Marsh et. al., 1992). Relatively high 
proportions of Streptococcus mutans may persist on tooth surface without 
caries progression while caries may also develop in the absence of these 
species. Collectively these observations imply that mutans Streptococci do 
not play a specific role in dental caries, rather the outgrowth of mutans 
Sfreptococc/should be explained by the disturbance of the homeostasis in 
the dental biofilm. If the homeostasis in the dental biofilm is lost, then an 
opportunistic infection can occur. 
Mutans Streptococci and dental caries: The concept of dental caries 
being infectious and transmittable grew out of elegant rodent studies 
performed in the 1950s (Keyes, 1960). Caries only developed in the 
rodents when they were caged with or ate the faecal pellets of groups of 
caries-active rodents. Further proof emerged when certain Streptococci, 
caused rampant decay in previously caries-active animals (Fitzgerald and 
Keyes, 1960). 
These bacteria later identified as Streptococcus mutans gave rise to the 
concept of caries being due to a specific infection with mutans 
Streptococci, a concept that has gained wide support within the field of 
caries nnicrobiology over past four decades. 
Numerous studies have shown that mutans Streptococci can bring 
about caries in pits and fissures as well as on smooth approxima! and root 
surfaces of the teeth of both gnotobiotic and conventional animals 
(Michaiek et. al., 1976). Moreover, the caries induced by mutans 
Streptococci is more severe than that caused by other Streptococci. 
Mutans Streptococci involvement in the etiology of caries has come from 
immunization studies. In one such study, the oral administration of 
Streptococcus cells to gnotobiotic rats induced the production of secretory 
antibodies in the saliva and this correlated with a reduction in caries 
incidence in these animals (Michaiek et. a!., 1976). Intravenous 
administration of S. mutans cells to monkeys led to a serum antibody 
response and an associated decrease in caries incidence (Bowen et. al., 
1930). 
Human studies: Association of mutans Streptococci with dental caries in 
humans have come from epidemiological studies. These reports show that 
populations with a high caries incidence have relatively higher levels of 
mutans Streptococci than populations with a low incidence of caries 
(Michaiek e .^ al., 1976). Similarly, a caries reduction in Swedish children 
paralleled by reduction in salivary counts of mutans Streptococci was 
observed (Krasse and Emilson, 1986). In a longitudinal study it was found 
that mutans Streptococci levels in plaque increased 6-24 months before 
the clinical appearance of dental caries (Loesche et al. 1984). Increases 
in the proportion of mutans Streptococci were observed to occur before 
root caries lesions developed or when these lesions became active. In 
general, high titres of salivary and serum antibodies to mutans 
Streptococci antigens have been found in low caries population and the 
prevalence of caries to high in immmunocompromised patients (Taubman, 
1992). 
STREPTOCOCCUS MUTANS 
The latest edition of Bergey's Manual of Systematic bacteriology (9th 
edition, 1994) groups Streptococcus mutans amongst viridans 
Streptococci. The common members of this group are S. anginosus, S. 
bovis, S. mitis, S. mutans, S. salivarius, S. sanguis and S. vestibularis. 
These are usually non hemolytic streptococci i.e. they do not produce 
clear zones on blood agar by the complete destruction of erythrocytes. 
Because many produce greenish discoloration on blood agar (alpha 
hemolysis), the group was called viridans although many are completely 
indifferent to blood (Coykendall, 1989). They are human commensals and 
are a major component of oral flora. 
Mutans Streptococci is the most cariogenic pathogen because they 
are highly acidogenic (Fitzgerald and Keyes, 1960). The primary acid 
tolerant microbiota associated with the plaque are Streptococcus mutans, 
S. anginosus, S. constellatus, S. gordonii, S. intennedius, S. mitis, S. 
oralis, S. salivarius and S. sanguis (Edwardsson et. ai, 2003). The 
populations of Streptococcus mutans comprised 0.001% of the plaque 
surface microflora in initial lesions compare to 45% in advanced lesions 
suggests that this organism may not always be involved in the formation of 
initial caries lesions (Schupbach et. ai, 1996). 
S. mutans is genetically very heterogeneous and it has been 
divided into four species and three more groups have been added 
(Coykendall, 1987; Beighton et. ai, 1998). 
Table 1. Characteristics of the nutans streptococci group 
Species 
S. mutans 
S. rattus 
S. sobrinus 
S. cricetus 
S. downei 
S. macacae 
S. ferus 
Mol%G+C 
36-38 
41-43 
44-46 
42-44 
41-42 
35-36 
43-45 
Serotype 
c, e, f 
b 
d,g 
a 
h 
c 
c 
Polysaccharide in 
cell wall ^ 
Rha, Glc 
Rha, Gal, 
Gro 
Rha, Glc, 
Gal 
Rha, Glc, 
Gal 
ND 
ND 
Rha, Glc ^ 
^ Information from Maiden et al., 1992; Wiley and Beighton, 1998. 
^Abbreviations: Rha, rhamnose; Glc, glucose; Gal, galactose; Gro, glycerol; ND, 
not determined. 
^ S. ferus included in the mutans group by DNA-DNA hybridization, but not by 
multilocus enzyme electrophoresis. 
EPIDEMIOLOGY 
Epidemiological studies have revealed mutans Streptococci to occur in the 
oral flora of humans throughout the globe (Loesche, 1986). Mutans 
Streptococci are found in nearly all subjects in populations with high, low 
and very low prevalence of caries (Carlsson, 1988). These 
microorganisms are harboured by 33-75% of 4-ycar-old children, 80-90% 
of adolescents, and virtually all adults (Carlsson et. al., 1975; Alaluusua 
and Renkonen, 1983; Kohler and Jonsson, 1988; Caufield and 
Dasanayake, 1993). Of the serotypes, c / e / f (representing S. mutans) 
and d / g (representing S. sobrinus) have been detected in humans with 
high frequency. Serotype c is predominant in plaque and saliva samples 
from humans (Loesche, 1986). The prevalence of S. sobrinus has been 
reported to range between a very low frequency and 30% in different 
populations. In selected subject groups, a higher frequency of S. sobrinus 
has been found (Lindquist, 1991). Only a few studies report finding S. 
sobrinus as the sole mutans species. Kohler and Jonsson (1988) found 
that subjects harbouring both S. mutans and S. sobrinus tend to have 
higher salivary mutans streptococcal counts than subjects harbouring S. 
mutans alone. 
CULTURE CHARACTERISTICS AND IDENTIFICATION 
Mutans Streptococci are facultative anaerobes growing optimally at 37°C 
(Ma and Marquis, 1997). On MS agar, S. mutans colonies are small, 
raised, irregularly margined and adherent, while S. sobrinus colonies are 
surrounded by a zooglea with a gelatinous consistency (Hamada and 
Slade, 1980). Most strains of S. mutans produce colonies of about 1 mm 
in diameter, with beads, droplets or puddles containing soluble 
extraceMar polysaccharide on sucrose-containing agar. When incubated 
anareobically on blood agar for two days, S. mutans colonies are white or 
gray, circular or irregular, 0.5-1.0 mm in diameter, sometimes tending to 
adhere to the surface of the agar (Hardie, 1986). 
Gold et al. (1973) found mitis salivarius bacitracin (MSB) agar, 
which is composed of mitis salivarius agar with sucrose, bacitracin and 
potassium tellurite for primary isolation of mutans Streptococci. MSB agar 
is selective for S. mutans, S. sobiinus and S. rattus. Many other media for 
grov\/th have also been used as: TYCSB agar containing TYC agar 
(trypticase, yeast extract and cystine) with sucrose and bacitracin (van 
Palenstein et. al., 1983), GSTB agar containing a basal GS agar 
(trypticase and yeast extract) with glucose, sucrose, bacitracin and 
potassium tellurite (Tanzer et. al., 1984) and TSY20B agar containing 
trypticase soy agar, yeast extract, sucrose and bacitracin (Schaeken et al., 
1986). MSKB medium composed of mitis salivarius agar, sorbitol, 
kanamycin sulfate, bacitracin and potassium tellurite had been used by 
Kimmel and Tinnanoff (1991). Differences in culture result when different 
media are used. Little et al. (1977) found that the use of blood-sucrose 
media produced the highest recoveries of mutans Streptococci as 
compared with the selective media MSB. Schaeken et al. (1986) also 
reported that MSB agar is inhibitory to mutans Streptococci, especially S. 
sobrinus, finding higher recoveries on TYCSB agar. 
The identification of mutans Streptococci is based on distinctive 
colonial morphology on selective and nonselective agar. Gram staining, 
distinctive cell shape on light microscopy, specific growth characteristics, 
and sugar fermentation and enzymatic patterns. The identification scheme 
used in the present study is presented in Table 2. 
Table-2. IDENTIFYING PROPERTIES OF S. MUTANS 
Species 
S mutans S rattw S v>hnniLs. S inictui S liownei S macocne S f<'ru.\ 
CharactcTBtic 
Growlhinair 
Growth at; 
i r c 
45X 
Growth with: 
6 5*. NaCl 
HemoK^is 
Fennentation of: 
inannitol 
sorbitol 
raffmose 
tnulm 
inelibiose 
saiictn 
trehalose 
Hydrol)Tits of: 
arginiiie 
escuhii 
Production of: 
hvdrogeiiperoMde 
a-galactosidase 
P-glucosidase 
A 
-
A 
-
y 
f 
+ 
+ 
+ 
A 
+ 
+ 
-
+ 
-
A*-
+ 
A 
-
A 
-
ND 
t-
+ 
-r 
+ 
-•-
-
-r 
+ 
+ 
-
ND 
ND 
A 
-
A 
A 
If or a 
t-
A 
A 
A 
• 
• 
A 
-
A 
+ 
-
• 
A 
-
A 
A 
1 
i 
+ 
i -
A 
ND 
+ 
+ 
• 
A 
• 
ND 
ND 
NO 
ND 
\D 
ND 
ND 
ND 
ND 
ND 
ND 
f-
+ 
+ 
-
ND 
ND 
t 
+ 
• 
t-
ND 
-t 
ND 
ND 
ND 
Voges-Proskauerlest + ND 
Baatracin resistance + 
Primar) hoit hunwn rai. 
human 
human tonisier. 
human, 
wild rat 
iix>nke> monkev vwldmi 
A. 11-89*. of strains are positive 
+. *W-» or inore of strains are positive 
-. 90*» or moie of strains are negative 
w. weak growth 
ND. not delemiuwd 
a. alpha-hemoK-sis. greenish discoloration on blood agar 
y. gamiwa-henK>lysLs. no clearing 
^Infonmtion fiom Beightonetai..!9^1; Maidenetal.. 1992: Holtet a!., 15H>1; \Vhiie> and Beighton. Wb'. 
''According to Beighton et aL. 1 Wl . 5 nmtum strains tliat do not ferment n>elibiose neither produce a.-galactosidase. 
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VIRULENCE PROPERTIES OF STREPTOCOCCUS MUTANS 
The term virulence describes the capacity of a parasite (a microorganism) 
to cause disease to its host, the organism it lives on or in. The property is 
quantitative and expresses the degree of pathogenicity, the ability to inflict 
damage to the host. The relationship between host and parasite is 
dynamic and depends on their individual characteristics and their 
interrelationship as well as on external factors. Virulence consists of 
bacterial properties required In the interaction between host and parasite, 
factors that promote the entry, colonization and growth of the pathogen 
within the host, including those required for opposing host defenses and 
for nutrient acquisition (Madigan et. al., 1997). The virulence factors of 
microorganisms can be studied by the classical approach, by isolating 
bacteria from healthy and diseased subjects and comparing the 
phenotypic properties of these microorganisms. During the last two 
decades, approaches utilized in virulence studies have also included 
molecular biology methods and techniques for the manipulation of DNA in 
vitro (Hensel and Holden, 1996). Studies on the expression of the 
modified bacterial chromosome can subsequently be extended to cell 
culture and animal experiments. As regards the mutans Streptococci, 
properties that affect their ability to cause dental caries disease are 
virulence factors promoting their colonization and survival in the biofilm, 
the dental plaque that covers the tooth surfaces. The recognized virulence 
factors of mutans Streptococci are adhesin-like cell surface proteins, acid 
tolerance, acid production, and production of glucosyltransferases, 
mutacin and intracellular polysaccharides (Homer e^  a/., 1990). 
11 
In addition to the recognized virulence factors, other properties of the 
microorganism may influence virulence. Harrington and Russell (1994) 
suggested that one of the virulence factors is the proteolytic activity of 
mutans Streptococci. They found that S. mutans produced two 
extracellular proteases, possibly metalloproteases, capable of degrading 
both gelatin and collagen-like substrates. But it is not clear whether 
metalloproteases detected in connection with mutans Streptococci are 
produced by the microorganism or whether they are host-derived 
(Tjaderhane et. a!., 1998). However, regarding the sIgA protease activity 
of mutans Streptococci, the presiding view is that the organism itself does 
not produce this protease (Marcotte and Lavoie, 1998). Many oral 
Streptococci do produce sIgA protease, which impairs the host defence by 
cleaving the secretory IgA present, and apparently mutans Streptococci 
benefit from protease produced by the primary colonizers. The trait 
enabling survival is the ability of mutans Streptococci to rapidly adapt to 
the environment by microbial genetics phenomena; this property has been 
suggested to be an essential element in the dominance of S. mutans in 
cariogenic dental plaque (Burne, 1998). The ability of cells to take up 
exogenous DNA, the regulation of natural genetic competence in bacteria, 
is dictated by nutritional conditions and cell-to-cell signaling (Solomon and 
Grossman, 1996). 
Factors affecting adherence ability: Mutans Streptococci synthesize 
extracellular polysaccharides from sucrose to increase their stickiness 
(Loesche, 1986). The surface proteins of S. mutans also participate in 
adherence (Hamada et. al., 1984). In S. sobrinus, the adherence is 
probably primarily mediated by extracellular polysaccharides, with a minor 
influence by surface proteins (Gibbons et. al., 1986). In addition to the 
microbial properties, host factors may affect adherence, and salivary 
12 
components can function as receptors in oral pellicles for microbial 
adhesion to host surfaces (Colby and Russell, 1997). 
Glucosyltransferases and fructosyltransferases : Glucosyltransferases 
(GTFs) and fructosyltransferases (FTFs) catalyse the synthesis of water-
soluble and water-insoluble glucan and fructan polymers from sucrose. 
The nucleotide sequences of gtf genes from different oral Streptococci 
comply with the same basic pattern, and the GTFs are approximately 
1500 amino acids long (Russell, 1994). Streptococcal GTFs have two 
common functional domains. The amino-terminal portion, the catalytic 
domain, is responsible for the cleavage of sucrose, and the carboxyl-
terminal portion, the glucan binding domain, is responsible for glucan 
binding. Sato and Kuramitsu (1986) reported that S. mutatis produces at 
least one FTF and three GTFs. GTF-I and GTF-SI enzymes, products of 
gtfB and gtfC genes, primarily catalyse the synthesis of water-insoluble 
glucans, whereas GTF-S, the product of gtfD , mainly catalyses the 
synthesis of water-soluble glucans. S. sobrinus has four gtf genes 
(Russell, 1984). Hanada et al. (1993) found that of the four GTFs of S. 
sobrinus, GTF-I produces water-insoluble glucans, while the other three 
produce water-soluble glucans. The three gtf genes from S. mutans have 
been thoroughly assessed by comparative sequence analysis, revealing 
that interstrain differences of gtfB and gtfD are limited, but gtfC exhibits 
significant interstrain variability (Fujiwara et. al., 1998). The in vitro effects 
of the GTFs have been extensively studied; however, few studies with 
clinical strains have been performed to date. 
Surface proteins: S. mutans cells express a predominant surface protein 
called PI (or l/ll, B, IF, SR or PAc), which functions in the binding of 
mutans Streptococci to human salivary pellicle-coated surfaces (Crowley 
13 
et. al., 1999). The apparent functional equivalent to this protein is the spaA 
protein of S. sobrinus (Kuramitsu 1993). 
Acidogenicity and acid tolerance: The mutans Streptococci ferment 
many different sugars, and they appear to metabolize sucrose to lactic 
acid more rapidly than other oral bacteria. Streptococcus mutans can grow 
at low pH values, some growing at less than pH 4. This helps in the caries 
process, i.e. decalcification of dental enamel, taking place at relatively low 
pH. This is thought to be related to the multitude of enzyme systems 
catalyzing the reactions of transport and metabolism of sucrose expressed 
by these organisms (Kuramitsu, 1993). These metabolic reactions render 
the dental plaque acidic in the presence of a fermentable carbon source, 
and the acid tolerance of the mutans Streptococci enables them to 
continue metabolisms even at low pH. The strains of mutans Streptococci 
are more acid tolerant than all other bacteria examined, with the exception 
of Lactobacilli (Loesche, 1986). An inducible property exists in mutans 
Streptococci which permits adaptation to acidic environments (Hamilton 
and Buckley, 1991; Birkhed e^  al., 1993). Bender et al. (1986) found that 
the property of acid tolerance (or acidurance) appears to be connected 
with the membrane-associated H* (proton)-translocating ATPase of these 
organisms. This is attained along with expression of stress response 
proteins that helps bacteria in adapting to acidic conditions (Svenaster et 
al., 2000). In S. mutans a pH change from 7.5-5.5 resulted in induction of 
an acid-tolerance response over a 2hour period that increased cell 
survival at pH 3.0 (Svenaster et a/., 1997). The pH change resulted in 
significant alterations in protein synthesis : pulsing the cells with '^'C amino 
acids at intervals during the 2hr period, followed by extraction and one 
dimensional electrophoresis, revealed the up-regulation of 36 proteins, 
with 25 of these being acid- responsive proteins appearing within the first 
30 min of the pH change (Hamilton and Svenaster, 1998). The synthesis 
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of all but two of the proteins was transient during the 2h adaptation period 
similar to acid response of Salmonella typhimurim as shown by Foster 
(1993). The identity of the proteins is not known, but molecular mass 
comparisons suggested that both acid-specific proteins (i.e. components 
of the H'^ /ATPase) and general stress proteins (i.e. heat-shock proteins) 
are present in the extracts of the acid-induced cells (Svenaster et al., 
2000). This overlap is highly significant for the survival of cells in 
nutritionally limited environments and transient exposure to carbohydrate 
rich areas. Prolonged acidification of S. mutans cells results in the 
increased specific activity of membrane F1 ATPase involved in proton 
efflux during pH homeostasis. 
Mutacin production: Many bacteria produce bacteriocins, i.e. 
antibacterial peptides, to interfere with the growth of other closely related 
microorganisms (Jack et al., 1995). These bacteriocins are ribosomally 
synthesized and usually require extensive posttranslational modification 
for activity (Madigan eta!., 1997). The genes involved in the synthesis and 
modification of bacteriocins are often carried by a plasmid or a 
transposon. Bacteriocins are frequently named according to the bacterial 
species producing them; bacteriocin produced by mutans Streptococci is 
called mutacin. Mutacin production is usually not plasmid encoded 
(Caufleld et al., 1990). When bacteriocin activity is plasmid encoded, the 
plasmid generally also confers bacteriocin immunity to the microorganism. 
Some bacteriocins also have a commercial value. Nisin, which is 
produced by Lactococcus lactis strains, has been used for more than 30 
years as a preservative in the food industry. 
Several mutacins have been purified and biochemically 
characterized (Fukushima et al., 1982; Ikeda et a!., 1982; Loyola-
Rodriguez et al., 1992; Novak et al., 1994 and Chikindas et al., 1995). In 
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Matmaid 
a: 
Metduub 
Chemicals 
Brain Heart Infusion (BHI), Mitis Salivarius (MS) Agar, Bile, Bacitracin, 
Esculin and Bromocresol purple were purchased from Hi Media chemicals 
(India). Arginine, Mannitol, Sorbitol, Raffinose, Melibiose, Trehalose and 
Nessler's reagent were purchased from SRL chemicals, India. Rest all 
chemicals used was of analytical grade. 
Bacterial strains 
All bacterial strains used in this study were isolated from clinical 
specimens. Bacteria were grown at 37°C in Brain Heart Infusion (BHI) 
broth. All media were used after autoclaving it at 12rc at 151b /in^ for 15-
20 min. 
Clinical specimens 
Samples were collected from 60 caries-active subjects from the Out 
Patient Department of Conservative and Oral Dentistry Unit, Dental 
College, A.M.U. . Carious lesions from untreated cavities were taken by a 
spoon excavator and inoculated In BHI. Each sample after overnight 
Incubation at 37°C was transferred to selective media. 
Selective media 
For selection of Streptococcus, BHI was supplemented with sodium azide 
(25gm/l) and crystal violet (1mg/l). After overnight growth, 100pl of 
appropriate dilutions of these cultures were grown on Mitis Salivarius Agar 
supplemented with bacitracin (0.2U/ml) (MSB). Antibiotic was added after 
media has been autoclaved and cooled to 50°C. All plates were incubated 
for 2 days in anaerobic conditions. 
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Gram Staining 
Pure culture of each isolate was processed further for identification. A 
colony from MSB was spread on a slide. The air dried smear was flooded 
with methanol and allowed to dry at room temperature. It was stained by 
crystal violet for 2 min followed with iodine for 1min. Acetone was used as 
decolorizer and safranine as counterstain. 
Cataiase test 
A single colony from MSB was spread with a loop on the slide. 3% of 
Hydrogen peroxide was dropped on the smear by a glass pipette. 
Voges Proskaeur test 
It was carried according to Baritts method. Briefly a few colonies from 
MSB were inoculated in 3ml of VP broth (Appendix) and inoculated at 
37°C for 48 hrs. 3ml of 5% alpha-napthol and 3ml of 40% of potassium 
hydroxide is added with vigorous shaking. 
Hemolysis 
Colonies from MSB were streaked on 5% blood agar (Appendix) and 
incubated at 37°C for 24 hrs. 
Salt tolerance 
A few colonies from MSB were inoculated in NaCI broth (Appendix). It was 
then incubated at 37°c for 72 hours. 
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Temperature tolerance 
Temperature tolerance for the stain was tested by inoculating in BHI and 
incubated at 10°C and 45°C for 72 hours. 
Arginine hydrolysis 
To 5ml of arginine broth (Appendix) 1-2 colonies from MSB was 
inoculated. After incubation at 37°C for 24 hrs 2-3 drops of Nessler's 
reagent was added. 
Bile Solubility 
A saline suspension of cells of 0.5-1.0 McFarland density is made from 
growth on an agar plate. To 0.5 ml of suspension, 0.5 ml of 2% sodium 
deoxycholate was added. The tube was incubated at 37°C and 
periodically examined up to 2 hrs. 
Esculin hydrolysis 
Colonies from MSB were inoculated on esculin agar slants (Appendix). It 
was incubated at 37°C for upto 72 hours. 
Carbohydrate fermentation test 
3ml of carbohydrate broth (Appendix) was inoculated with few colonies 
from MSB agar. The broth is incubated at 37°C for upto 72 hours. 
Substrate dependent growth 
Growth of bacteria was assessed using different sugars as substrate 
namely, glucose, sucrose, sorbitol, mannitol, raffinose, trehalose and 
melibiose. Concentration of carbohydrate in each case was lOgms/litre. 
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100|jl of culture from standard inoculum of Mcfarland's OD 0.5 was used 
in all the cases. The flasks were incubated at 37°C and optical density 
against blank was noted at 660nm at an interval of one hour. 
pH dependent growth 
Growth of bacteria was assessed at different pH to see the effect of acidic 
or alkaline conditions. BHI of initial pH 8.5, 7.0, 6.0, 5.0 and 3.5 were 
made by addition of HCI or NaOH as per the requirement. 100pl of 
standard inoculum of 0.5 Mcfarland's OD was used in all the cases. The 
flasks were incubated at 37°C and optical density against blank was noted 
at 660nm at an interval of one hour. After 18 hrs of growth, cells were 
plated after appropriate dilutions to see the viable count. The final pH of 
supernatant was noted after centrifugation of the broth. 
Biofilm formation assay 
24 hours grown cultures of same optical density of Streptococcus mutans 
U152, 52, U83, U81 and Streptococcus bovis (ATCC strain) were 
assessed for the biofilm development. Media and unattached cells were 
decanted from the glass tubes. The remaining planktonic cells were 
removed by gentle rinsing with sterile water. The tubes were then air dried 
and adherent cells were stained with 500|jl of 0.1% crystal violet for 15 
mins at room temperature. After two rinses with after the bound dye was 
removed from the cells with 5ml of 99% alcohol. Tubes were set on shaker 
for 5 mins to allow the full release of dye. Biofilm formation was quantified 
by measuring the OD at 600nm. 
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Autolysis assay 
Cells from a culture (50ml) of Streptococcus mutans U152, 52, U81, U83 
and Streptococcus bovis were collected from late exponential-phase 
cultures grown in BHI medium. Cell pellets obtained after centrifugation at 
10,000 rpm at 4°C for 10 min, were washed twice with 50ml of ice-cold 
water and resuspended in 50ml of 0.05M Tris-HCI (pH 8.0) containing 
0.2% Triton X-100. The cells were then incubated at 37°C with agitation, 
and the OD at 600nm was measured at 30-min intenyals. 
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3te^idb 
This study was done on 63 isolates from 60 samples of different caries-
active subjects. The isolated bacteria from the carious lesions were 
identified by their colonial morphology and gram staining. The colonies on 
MSB agar appeared grey and translucent. A few colonies were glossy and 
opaque but they did not differ in biochemical characteristics. They are 0.1-
0.5 mm in diameter and appeared as pin points surrounded by puddles of 
extracellular secretion (Figure 2)). Under a light microscope with a 40X 
magnification, cells were violet in color, nested in chains. However with 
100X it becomes clear that cells were cocci in form and remained in pairs 
or small chains (Figure 3). On blood agar either a or y hemolysis was 
observed (Figure 4). No appearance of bubbles was observed on addition 
of H2O2. Voges Proskaeur test gave a bright pink colour. There was no 
growth at 10 and 45°C. However, no growth was observed in 6.5% NaCI 
broth. In an arginine broth, on addition of nesslers reagent no precipitate 
was observed. Growth on esculin slants showed black precipitate. The 
colonies were found to be bile insoluble. The bacteria in a carbohydrate 
broth depicted fermentation by change in color of bromocresol purple 
(indicator) from purple to yellow due to the change in pH. Different sugars 
v/z glucose, sucrose, trehalose, mannitol, sorbitol, raffinose and melibiose 
were used for carbohydrate fermentation. All the above tests confirmed 
that the isolated bacteria were Streptococcus mutans. The results are 
summarized as under in Table: 3. 
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Figure: 2 Isolated colonies of Streptococcus mutans on MSB agar. 
23 
Figure: 3 Gram stained slides of S, mutans with 40X and 100X 
magnification. They are usually arranged as pairs, tetrads or small 
chains. 
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Figure:4 Growth of Streptococcus on blood agar. Green pigmentation 
due to a- hemolysis , Clear zones indicate p- hemolysis. And no 
hemolysis is identified as y-hemolysis. 
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The trend of growth of S mutans with different sugars is shown in figure 5. 
It was found that the pattern of growth of the bacterium did not differ much 
with the change in carbohydrate source. 
Figure 6 shows the trend of growth of S mutans at different pH. The 
bacterium was able to tolerate pH of upto 5. Although, the growth is slow 
and less as the pH drops below neutral. The bacteria however did not 
grow at pH 3.5 and 9.5. 
The arrangement of cells in the presence and absence of sucrose 
was seen by gram staining. As is seen in figure 7, the cells appeared to be 
separated apart in the absence of sucrose and were in their typical 
arrangement characteristic of streptococci. However, in the presence of 
sucrose the bacteria aggregated together to form clumps of cells and 
appeared to be coccobacillary in shape as seen in figure 8. These clumps 
were undisturbed after the normal steps of slide preparation. 
Figure 9 show the adherence of cells by crystal violet release 
assay. S. bovis cells showed no significant difference in adherence with 
sucrose and without sucrose while S. mutans exhibited difference of 40-
65%. The sucrose dependent adherence is much more than the sucrose 
independent adherence. The quantity of adhered cells also differed 
amongst the different isolates of S. mutans. 
Figure 10 shows the result of toxicity assay of S bovis and four 
isolates of S mutans. The S bovis strain did not bear the action of 
autolysins activated in presence of triton X-100. However S. mutans 
isolates bore it for relatively longer time. After following it up for 5 hours at 
an interval of 30 min, the OD was checked after 24 hours. S. bovis 
showed a complete reduction to 76% while the S mutans isolates showed 
a reduction to only 28 %. 
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Fig: 5 Growth of Streptococcus mutans in the presence of different 
sugars as carbohydrate substrates. Growth in glucose is rapid as 
compared to other sugars. 
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Fig: 6 Growth of Streptococcus mutans at different initial pH. 
Response at pH 5.0 is late and no growth was observed when 
the initial pH was 3.5 and 9.5. 
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Figure 7 and 8: Arrangement of cells in the absence and presence of 
sucrose. The cells cluster together in presence of sucrose. 
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Fig: 9 Percent adherence of Streptococcus bovis and 
isolates of Streptococcus mutans U152, U81, U83 and 52. S. 
mutans showed 50% more adherence in the presence of 
sucrose. 
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Figure: 10 OD(660nm) of Streptococcus bovis and Streptococcus mutans 
isolates U152, U81, U83 and 52 in the presence of Triton X-100. Decrease in 
OD of S. bovis is more due to action of autolysins however; S. mutans are 
able to survive because they form biofilm. 
Time (hours) 
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S)bcws^ien 
In this study a total of 63 isolates were collected from 60 samples of 
different caries-active subjects. After the growth of microbes from the 
lesion in BHI for 24 hours, selection of Streptococcus was done in BHI 
consisting of azide (2.5% w/v) and crystal violet (0.5% w/v) (Gray et al., 
1979). This restricted the growth of most of the fungi, gram negative 
bacteria and staphylococcus. After growth in this selection broth for 24 
hours the microbes were either streaked or spread on MSB plates for 
single colony isolation. Streptococcus mutans colonies are pin-point grey 
colonies surrounded by a translucent secretion (Hamada e^  al., 1979). On 
the basis of this morphology, cells were selected and re-streaked to obtain 
a pure clone. Thus isolated cells were subjected to different biochemical 
tests for its true identification. 
The cells on gram staining reveal short chains of cocci cells 
(Facklam and Washington, 1991). When catalase test was done, no 
appearance of bubbles was observed meaning that bacteria lacked this 
enzyme. Staphylococcus aureus was used as a positive control (McLeod 
and Gordon, 1923). Voges Proskaeur test was done as according to 
Barrit's method. A bright pink colour indicated the production of acetoin. In 
some cases rust-pink color was also observed with Streptococci which 
were also considered positive (Fertally and Facklam, 1987). No increase 
in turbidity of cells was observed at 10 and 45°C by measuring OD (eeonm) 
in comparison with blank. Salt tolerance test was done according to the 
method of Facklam and Moody (1970), by growing in BHI containing 6.5% 
NaCI. No observance of turbidity indicated that cells are intolerant to high 
concentration of salt. 
The isolates were streaked on blood agar plates. Hemolysis was 
observed in some cases. S. mutans are mostly a- or y- hemolytic but a 
few p hemolytic strains have also been reported by Wolff and Liljemark 
(1978). The cells showing complete hemolysis ((3) resulting in orange 
37 
pigmentation were ruled out as these are the rarest of the strains and 
require extensive characterization for confirnnation upto species level. 
Rypka et al. (1967) found that many strains of S. mutans show a 
hemolysis but in this study it was found that only 6% of the strains are a-
hemolytic and most of the strains did not show any hemolysis (y). Both a 
and Y hemolytic cells were selected for further identification. 
The cells gave a black precipitate with esculin but gave no 
precipitate with arginine indicating that it hydrolyses esculin (Carlsson, 
1968) but do not hydrolyse arginine (Colman and Wilson, 1972). The 
colonies of isolates do not decrease the turbidity of bile suspension in 
nomnal saline. Hence, they are bile insoluble (Anderson and Hart, 1934), 
Streptococcus mutans have a characteristic feature of producing 
acids from nearly all sugars (Colman and Williams, 1972). This feature 
was exploited to differentiate it from other cells. Glucose, sucrose, 
mannitol, sorbitol, trehalose, raffinose and melibiose were used as 
substrates for fermentation study. A control was used in all the case 
because 0.2% of glucose is already present in BHI broth. The 
fermentation tests are usually carried for 72hrs as reported by Facklam 
and Washington (1991) but S. mutans were found to be strongly 
acidogenic and produces enough acid to cause the color change of 
indicator within 24 hrs. The production of acid from raffinose and melibiose 
is critical to differentiate it from S. sobrinus biochemically (Scheifer et. a!., 
1986). 
Growth of bacteria was assessed in the presence of different 
sugars as carbohydrate source. As is evident from figure 4, bacteria grew 
faster in glucose than in sucrose, trehalose, sorbitol and raffinose. This is 
because monosaccharides are easily metabolizable than disaccharidejs 
and other derivatives. The acid production is also proportionate to the 
growth of bacteria. 
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streptococcus mutans is aciduric (Hamada and Buckley, 1991) and 
(Birkhed et. al., 1993), it is thus important to assess its growth features at 
different pH. The bacteria are able to survive well at slightly alkaline and 
neutral pH. It is able to grow at pH 8.5, 7.0and 6.0 with a small lag phase 
of less than 3 hours but at pH 5.0 the lag phase extends to about 5 hours. 
However, after it the cells grow well till they reach to a stationary phase at 
the same time as at neutral pH. This implies that S. mutans exhibit an 
acid-adaptive response. The cells during the lag phase adapt themselves 
to a pH well below the nonnal. After adaptation the cells survive well in 
these conditions. It was also observed that the cells do not grow at pH 
3.5and 9.5. 
Streptococcus mutans cells are highly acidogenic in nature. In view 
of this, an extension to this experiment was done to study this properly. 
The pH of the cell-free media in all these cases was noted after a growth 
of 24 hours. The final pH for 8.5 was 7.0, of 7.0 was 5.5, of 6.0 was 4.5 
and of 5.0 was 4.0. The cells in all the cases were viable after a significant 
drop in pH proving that acid-adaptive response as found by Svenaster et 
al. (1997) is active in all these isolates. This is an important cariogenic 
property as in mouth, drop in pH is observed after amylases act on the 
sugars. The S. mutans cells are able to survive the acidic conditions by an 
adaptive response and continue producing acids that degrade the enamel 
and dentin of the tooth resulting in dental caries (Loesche, 1986). 
The property of adherence of S. mutans to solid support was 
studied by crystal violet release assay similar to that of Loo et al. (2000) 
with minor modifications. Briefly, after removing the planktonic cells, the 
attached cells were incubated with crystal violet. Since the cells are gram 
positive, they retain the dye on their walls. This dye released after adding 
an alcohol, is proportional to the number of cells adhered on the cells. The 
experiment was done both in the absence and presence of sucrose. S. 
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bovis was used here as a control strain. There was not much difference in 
the adherence of S. bovis in the absence and presence of sucrose. 
However, S. mutans cells were found to stick nearly twice than S. bovis in 
the presence of sucrose. The different isolates of S. mutans also varied to 
a lesser extent in the degree of adherence annongst themselves. Thus 
adherence in S. mutans is both sucrose dependent and independent 
(Hamada et. al., 1984). However, sucrose-dependent adherence is much 
stronger and may play a more prominant role in attaching it to the teeth. 
This is similar to the findings of Nesbett et al. (1982) and Newburn (1982) 
that the cells synthesize extracellular polysaccharides in the presence of 
sucrose that helps them in adhering to smooth surfaces. This is also 
evident from the gram-stained slides of bacteria. The normal chain like 
cells in presence of sucrose form clumps of cells that are undisturbed by 
all the steps of gram staining. This implies that S. mutans form a biofilm on 
the teeth in presence of sucrose by the aid of glucan, which make it 
resistant to the pressures in the mouth and other environmental stress. 
Gracia et al. (1986) found that a temperature sensitive autolysin is 
released by Streptococcus in presence of detergents. Autolysis assay was 
done to compare the behaviour of S. bovis and S. mutans to the effects of 
autolysins. Jefferson (2004) found that many bacteria have the capacity to 
form biofilm although the extent of it varies. The percent decrease in 0^0 
suggests that S. mutans are relatively more tolerable to autolysis. After a 
24 hour incubation 76% decrease in OD was found in S. bovis as 
compared to just 28% in S. mutans. This is because they form stronger 
biofilm resulting in lesser autolysis. Although the mechanism of the biofilm 
formation is not yet completely understood but the main feature of it to 
form the aggregates of cells that are relatively resistant to environmental 
stress. The biofilm forming feature of S. mutans is considered to be an 
important virulence factor as it helps it in survival on the teeth. 
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CONCLUSION 
The aim of this study was to look for the clonal diversity and variations of 
virulent properties amongst Streptococcus mutans from caries-active 
case. Carious lesions from 60 samples were collected and 63 pure clones 
of Streptococcus mutans were successfully isolated followed by 
identification and characterization using various biochemical properties 
listed in Sergey's Manual of Determinative Bacteriology ( 9'^  ed., 1994). 
Most of the cells are phenotypically and biochemically similar except their 
hemolysin characteristics. Amongst all, 6% are a-hemolytic and rests are 
y-hemolytic. It is therefore necessary to go for molecular methods for 
identification of clonal diversity to study the epidemiology of S. mutans. 
The isolates are well adapted to the oral environment as they are 
both aciduric and acidogenic. They aggregated together to fonn clumps 
and adhered to glass surface in presence of sucrose. They were also 
resistant to action of autolysins released in presence of Triton X-100. 
However, the number of cells adhering to the glass surface and degree of 
resistance to autolysins varies between the isolates. It is thus desirable to 
study the genomics involved in different adherence and biofilm growth 
phenotypes in Streptococcus mutans for the prophylaxis of dental caries. 
Our results corroborate with the hypothesis that in the presence of 
sucrose, bacteria strongly adhere to the tooth and release acids that 
destroy the enamel and dentin of tooth. These bacteria are able to survive 
in spite of many antimicrobial strategies by forming biofilms on the tooth. 
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APPENDIX 
1. Brain heart Infusion Broth 
Calf brain, infusion from 12.5gms 
Beef heart, infusion from 5gms 
Proteose pancreatic digest of gelatin 10.Ogms 
Glucose 2gms 
Sodium Chloride 5.0gms 
Disodium phosphate 2.5gms 
Distilled water 1 litre 
Final pH 7.4 
2. Mitis Salivarius Agar 
Casein enzymic hydrolysate 15gms 
Peptic digest of animal tissue 5gms 
Dextrose 1gm 
Sucrose 50gms 
Dipotassium hydrogen phosphate 4gms 
Trypan blue 0.075gms 
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Crystal violet 
Agar 
Distilled water 
Final pH (at 25°C) 7.2 
3 Gram Stain 
0.0008gms 
15gms 
1 litre 
a) Crystal violet: Crystal violet, 90%dye 
Methyl Alcohol 
b) Gram iodine: Iodine crystals 
Potassium iodide 
Distilled water 
10gm 
500ml 
1gm 
2gm 
300ml 
Ground the dry iodine and potassium iodide in a mortar. Added few ml of water at 
a time and ground it thoroughly, after each addition until solution is achieved. The 
solution was rinsed into an amber glass bottle with remainder of distilled water. 
C) Counter stain: Safranine95% dye 10gm 
Distilled water 1000ml 
4 Salt Tolerance Media 
BHl supplemented with 6% NaCI. 
5. Blood Agar 
BHl supplemented with 5% sterilized human blood and 1.5% agar. 
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6. Arginine Broth 
Tryptone 
Yeast Extract 
Dipotassium Hydrogen Phosphate 
Glucose 
Distilled Water 
Final pH (at 25°C):7.0 
y.Esculin agar slant 
BHI 
Esculin 
Ferric citrate 
Distilled water 
8.Carbohydrate Fermentation Broth 
BHI 
Carbohydrate 
Final pH 7.0. 
5gm 
5gm 
2gm 
5gm 
1000ml 
40 gms 
1 gm 
0.5 gm 
lOlitre 
22.5 gm in 900ml of distilled 
water 
10gm in 100ml 
After sterilization added 1 ml of indicator (Bromocresol purple). 
l>S-3C\j 
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